Abstract. Cortactin, fascin-1 and EGFR are recognized as important factors in tumor progression. We tested the hypothesis that cortactin, fascin-1 and EGFR expression correlates with clinicopathological parameters of the four most common ovarian surface epithelial carcinomas -serous cystadenocarcinoma, mucinous cystadenocarcinoma, endometrioid adenocarcinoma, and clear cell carcinoma. Immunohistochemical analysis of cortactin, fascin-1 and EGFR was performed using tissue microarrays of 172 specimens comprising 69 serous cystadenocarcinomas, 44 mucinous cystadenocarcinomas, 45 endometrioid adenocarcinomas and 14 clear cell carcinomas. All ovarian carcinomas showed significant expression of cortactin, fascin-1 and EGFR in staining intensity, tumor percentages and immunostaining scores. In addition, higher immunostaining scores of fascin-1 correlated with more advanced cancer stages (TNM), poorer histological differentiation and poorer survival rate of mucinous cystadenocarcinoma. Similarly, higher immunostaining scores of cortactin correlated with T stages and histological differentiation of serous cystadenocarcinoma. The immunostaining scores of EGFR did not correlate with TNM stages, tumor differentiation or prognosis in the four ovarian surface epithelial carcinomas. Our findings suggest that cortactin and fascin-1 may serve as good biomarkers in evaluating aggressiveness of ovarian serous and mucinous cystadenocarcinoma. And the pharmacological inhibitors of fascin-1 activity may slow down tumor progression and prolong survival time in patients with mucinous cystadenocarcinoma.
Introduction
Cancer of the ovary represents about 30% of all cancers of the female genital organs. In developed countries ovarian cancer is about as common as cancers of the corpus uteri (35%) and invasive cancer of the cervix (27%). The age-adjusted incidence rates vary from fewer than two new cases per 100,000 women in most of Southeast Asia and Africa to over 15 cases per 100,000 in Northern and Eastern Europe. Migration of tumor cells outside the ovarian capsule accounts for a significant percentage of treatment failures in patients with ovarian malignancies [7, 18, 27] and degradation of basement membrane by matrix metalloproteinases (MMPs) is one of the most critical steps in various stages of tumor disease progression, including tumor angiogenesis, tumor growth, as well as local invasion and subsequent distant metastasis. In metastatic ovarian carcinoma, cancer cells produced more MMP-2, and MMP-9 and had the poorest prognosis [10] . In one study, the effect of fascin on cell invasion also depended on activation of MMP-2 and MMP-9 [42] . Although the detailed pathway is not established, we hypothesized that some relationships existed between cortactin, fascin-1 and EGFR expression and ovarian carcinomas.
Fascin-1 and cortactin are two important components among actin cross-linking proteins [14, 22] . Fascin, an actin-binding protein, is involved in the rearrangement of the cytoskeleton and promotes cellular motility [28] . Fascin-actin interactions are regulated by extracellular matrix, peptide factors, and other actin-binding proteins [1] . In the human body, the genome encodes three subtypes of the fascin family,including fascin-1, fascin-2 and fascin-3 [14] . Expression of fascin-1 in normal epithelia is either absent or low [21, 43] . And fascin-1 is markedly up-regulated in several different types of tumors, including breast [13] , skin [11] , lung [25, 26] , colon [19] , brain [28] , ovary [17] , urinary bladder [34] and gastric malignancies [33] .
Cortactin is an actin-binding protein that activates the Arp2/3 complex to regulate the actin cytoskeleton [9, 36] and inhibit de-branching of dendritic actin networks [39] . The gene responsible for cortactin expression is in the chromosome 11q13 region and is frequently amplified in some human cancers, such as breast, head/neck carcinomas and gastric adenocarcinoma [23, 31, 33] .
The epidermal growth factor receptor (EGFR; ErbB-1; HER1 in humans) is a tyrosine kinase receptor, a cellsurface receptor for members of the epidermal growth factor family (EGF-family) of extracellular protein ligands. The EGFR is a member of the ErbB family of receptors, a subfamily of four closely related receptor tyrosine kinases: EGFR (ErbB-1), HER2/c-neu (ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4). EGFR exists on the cell surface and is activated by binding of its specific ligands, including epidermal growth factor and transforming growth factor α (TGFα). EGF receptor activation induces a variety of changes in intracellular physiology, including activation of Na + /H + transporter [30] , oncogene expression [12] , stimulation of DNA synthesis and cell proliferation [8] , among other changes.
Mutations involving EGFR could lead to its constant activation which could result in uncontrolled cell division -a predisposition for cancer. Consequently, mutations of EGFR have been identified in several types of cancer, and the identification of EGFR as an oncogene has led to the development of anticancer therapeutics directed against EGFR, including gefitinib and erlotinib for lung cancer, and cetuximab for colon cancer. Previous studies have suggested that high levels of EGFR expression are a marker for bad prognosis in ovarian cancer patients [4] [5] [6] . In contrast, a published study by Henzen-Logmans et al. showed that EGFR over-expression only occurs in about 12% of ovarian carcinomas [16] . Schilder and Andrew et al. detected mutations in the TK domain region in 2 of 56 (3.6%) of ovarian adenocarcinomas and observed that a patient on the clinical trial with a mutation in the catalytic domain of EGFR responded to gefitinib, suggesting a method to pre-select a subset of patients whose tumors may be more responsive to this EGF receptor-targeted therapy. While this mutation is a relatively rare event, but this finding could have a dramatic impact on clinical care, and have a profound effect for some ovarian cancer patients. However, the relationship between cortactin, fascin-1 and EGFR expression and clinicopathological parameters of the four most common ovarian carcinomas remains vague.
In this study, we tested the hypothesis that higher expression of cortactin, fascin-1 and EGFR in those patients with the most common ovarian carcinomas correlate with clinicopathological parameters and are associated with advanced cancer stages. We set out to test the hypothesis that increased cortactin, fascin-1 and EGFR immunostaining scores correlate with advanced histological grades, advanced clinical stages and a poorer survival rate for ovarian carcinoma patients
Materials and methods
Paraffin-embedded tumor tissues were obtained and tissue microarray slides were constructed. Tissue microarrays consisted of samples from 172 patients with primary ovarian tumors, including 69 serous cystadenocarcinomas, 44 mucinous cystadenocarcinomas, 45 endometrioid adenocarcinomas and 14 clear cell carcinomas.
The histopathological differentiation or clinical stage was determined according to TNM (WHO criteria) and FIGO staging systems. Stage T1 was defined as a tumor limited to ovaries. Stage T2 was defined as a tumor involving one or both ovaries with pelvic extension. Stage T3 was defined as a tumor involving one or both ovaries with microscopically confirmed peritoneal metastasis outside the pelvis. One core tissue sample was taken from a selected area of each paraffinembedded tumor tissue, and tissue microarray slides were constructed. Each representative core sample in the tissue microarray slide was 2 mm in diameter. The pathological diagnosis in each case was reviewed by two experienced pathologists. None of the patients had received chemotherapy before surgery.
Immunohistochemistry
Tissue microarray sections were dewaxed in xylene, rehydrated in alcohol, and immersed in 3% hydrogen peroxide for 10 minutes to suppress endogenous peroxidase activity. Antigen retrieval was performed by heating (100
• C) each section for 30 minutes in 0.01 mol/L sodium citrate buffer (pH 6.0). After 3 rinses in phosphate buffered saline (PBS) for 5 minutes, each section was incubated for 1 hour at room temperature with a mouse monoclonal anti-human fascin-1 antibody (NeoMarkers, Freemont, CA, USA, 1:100), a polyclonal mouse anti-human cortactin antibody (1:100; Santa Cruz Biotechnology, Santa Cruz, CA) and a mouse monoclonal anti-human EGFR antibody (DAKO, clone E30, 1:25) diluted in PBS. After 3 washes in PBS for 5 minutes, each section was incubated with horseradish peroxidase-labeled rabbit anti-mouse immunoglobulin (DAKO, Carpinteria, CA, USA) for 1 hour at room temperature. After 3 additional washes, peroxidase activity was visualized with a solution of diaminobenzidine (DAB) at room temperature.
To evaluate immunoreactivity and histological appearance, all tissue microarray experiments were repeated 2 times and slides were examined and scored by 2 experienced pathologists. The intensity of cytoplasmic and membrane immunostaining of tumor cells was scored on a scale of 0 (no staining) to 3 (strongest intensity), and the percentage of tumor cells with cytoplasmic or membranous staining at each intensity was estimated. The percentage of cells (from 0 to 100) at each intensity was multiplied by the corresponding immunostaining intensity (from 0 to 3) to obtain an immunostaining score ranging from 0 to 300.
Statistical analysis
All results are expressed as mean ± standard error of the mean (SEM). Immunostaining scores of cortactin, fascin-1 and EGFR for different types of ovarian carcinomas were compared to the score for normal ovarian epithelia. Statistical analysis was performed using Student's t-test and calculated with Pearson Product Method Correlation test to analyze the relationships between expression of these three biomarkers and clinicopathological parameters of the four most common ovarian carcinomas. Statistical significance was defined as a P value of less than 0.05. In addition, survival time of subjects was calculated from the date of surgery to the date of death. Sixty nine of serous cystadenocarcinoma and forty four of mucinous cystadenocarcinoma patients in this study received 5-year follow up; subjects were divided into two groups in order to compare survival times with cortactin and fascin-1 immunostaining scores. Statistical analysis of survival time was done using the Kaplan-Meier survival test.
Results
Immunohistochemical staining patterns of the different ovarian carcinomas are presented in Table 1 and representative samples are illustrated in Fig. 1 .
Immunoscores of fascin-1 correlate with histological grades and clinical stages of mucinous cystadenocarcinoma
Among 172 ovarian tumors, fascin-1 immunostaining scores were significantly higher in the four ovarian epithelial carcinomas (73 ± 10 for serous cystadenocarcinoma; 26 ± 7 for mucinous cystadenocarcinoma; 63 ± 13 for endometrioid adenocarcinoma and 35 ± 12 for clear cell carcinoma; all P values <0.05) ( Table 1) . Staining of fascin-1 was either very low or absent in normal ovarian epithelial cells. Thirty-seven (84%) of 44 mucinous cystadenocarcinomas were well differentiated, 4 (9%) were moderately differentiated, and 3 (6%) were poorly differentiated. Additional information, including TNM and AJCC clinical staging distribution, is listed in Table 2 . Using the Pearson Product Method Correlation test, higher immunostaining scores of fascin-1 showed a positive correlation with histological grading, AJCC clinical stage, T stages and N stages, but not with M stages (Table 2 ; Fig. 2 ). In addition, no significant relationships were seen between fascin-1 immunostaining scores and clinicopathological parameters in the other three ovarian epithelial carcinomas, which included serous, endometrioid and clear cell carcinoma (data not shown).
Immunoscores of cortactin correlate with histological grades and T stages of serous cystadenocarcinoma
The cortactin immunostaining scores were significantly higher in four ovarian epithelial carcinomas (261 M stages (p < 0.01; Table 3 ; Fig. 3 ). In addition, no significant relationships were seen between cortactin immunostaining scores and clinicopathological parameters in the other three ovarian epithelial carcinomas, which included mucinous, endometrioid and clear cell carcinoma (data not shown).
Correlation of EGFR immunoscores in four ovarian carcinomas
In our study, no significant relationships were seen between EGFR immunostaining scores and clinicopathological parameters in the four most common ovarian carcinomas, including serous, mucinous, endometrioid and clear cell carcinomas (data not shown). Our results suggest that EGFR may not be a good biomarker in evaluating the aggressiveness of ovarian epithelial carcinomas.
Relationship of fascin-1 and cortactin expression with survival time
We divided 69 serous cystadenocarcinoma and 44 mucinous cystadenocarcinoma cases that had received 5-year follow up into two groups based on cortactin and fascin-1 immunoscores, respectively. For cortactin immunoscores, those patients with higher expression (n = 34, immunostaining scores 250) were in group one, the remaining cases had lower immunoreactivity (n = 35, immunostaining score <250) were in group two. The absolute number of patients that succumbed to disease in five years and the median survival time for higher expression of cortactin are 16 cases and 45.3 months, and for lower expression of cortactin are 11 cases and 47.4 months.
The two groups were also divided incuding higher fascin-1 expression (n = 11, immunostaining scores >0) and negative fascin-1 immunoactivity (n = 33, immunostaining scores = 0). The absolute number of patients that succumbed to disease in five years and the median survival time for higher expression of fascin are 7 cases and 31.3 months, and for negative expression of fascin are 9 cases and 54.4 months.
Using cortactin and fascin-1 immunoscores as variable parameters, higher scores in fascin-1 was significantly associated with higher mortality (p value < 0.001; Fig. 4 ). However, there was no significant difference in survival rate between higher or lower expression of cortactin (Fig. 5 ).
Discussion
At present, the emergence of cancer is a complex multi-step process in which the activation of oncogenes and inactivation of tumor suppressor genes act synergistically to produce the malignant phenotype. Tumor metastasis is also a complex process that involves direct invasion of tumor cells, infiltration into lymphovascular channels, survival in circulation, extravasation, and growth at secondary sites [3] . Although these mechanisms are poorly understood, we do know that one requirement is enhancement of cell motility. In fact, enhanced movement of cancer cells has been reported to correlate with greater metastatic potential in animal models and poorer prognosis in human cancers [24] .
Fascin-1, a 55-kDa globular protein, aggregates Factin into parallel bundles to rearrange the cytoskeleton and promote cellular motility [21] . Fascin-1 plays important roles in cellular protrusion and migration, and extracellular matrix adhesion [2] . The gene encoding fascin-1 in humans is located at chromosome 7q22 [14] . Fascin-1 is either expressed at very low levels or is absent in normal ovarian epithelia. Over-expression of fascin-1 is associated with tumor progression and invasion in skin, lung, breast, ovarian, colon, urinary bladder, brain and gastric malignancies [11, 13, 17, 19, 25, 26, 28, 33, 34] .
Our results suggest that expression of fascin-1 may be effective in predicting tumor clinicopathological parameters of ovarian mucinous cystadenocarcinoma in Chinese women. Average immunostaining scores for fascin-1 have a significant positive correlation with T, N, and AJCC stages, but not with M stage of mucinous cystadenocarcinoma. However, in our study, no M1-stage case was included, which makes it difficult to show statistical significance. In addition, higher fascin-1 immunostaining scores are significantly associated with poorer survival rate as demonstrated in our study.
Cortactin regulates the actin cytoskeleton through its involvement in several processes, including cell motility, adhesion, polarization, contraction, and others [9, 35, 40] . The activation of actin-related (Arp) 2/3 protein complex and neuronal Wiscott-Aldrich syndrome protein (N-Wasp) by cortactin nucleates actin polymerization and promotes cellular motility. Cortactin is a p80/p85 multidomain actin filament-binding protein [32] ; it was first identified as an src kinase substrate in chicken fibroblasts [41] . Human cortactin maps to chromosome 11q13 [22] . Amplification of chromosome 11q13 has been reported in several human carcinomas as has increased expression of cortactin [37] . Over-expression of cortactin induces cell motility and migration, inhibits cell-cell adhesion, and accelerates tumor spreading [36] . In addition, the effects of cortactin may be related to expression of E-cadherin and its effects on intercellular adhesion [15, 20, 38] . In some in vitro studies, cortactin over-expression induced tu-
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Time (months) mor invasion, and metastasis has been shown to be associated with esophageal and head/neck squamous cell carcinomas [22, 29] . However, direct evidence is still lacking to establish a relationship between cortactin over-expression and tumor progression and metastasis in ovarian carcinomas. Our current results demonstrate that cortactin is over-expressed in the four most common ovarian carcinomas in Chinese women, and higher immunostaining scores of cortactin are associated with more advanced T stage and histological differentiation in serous cystadenocarcinoma (Table 3 , Fig. 3 ). EGFR is one of a family of receptors that help regulate cell growth, division, and death. Normal epithelial cells contain two copies of the EGFR gene and produce low levels of EGFR protein on the cell surface. In a variety of cancers, increased amounts of EGFR protein are present in tumor tissue. This can be due to amplification (too many copies of the gene are produced), over-expression (an increased amount of the protein is produced), and/or decreased protein destruction. Tumors with increased EGFR protein tend to grow more aggressively, are more likely to metastasize, and are more resistant to standard chemotherapies. Patients with these tumors tend to have poorer outcomes.
In our study, EGFR is over-expressed in four ovarian carcinomas in Chinese women, but over-expression of EGFR was not associated with aggressive clinicopathological parameters in these four ovarian carcinomas. To our knowledge, this is the first report to evaluate the association between cortactin, fascin-1 and EGFR expression and tumor progression in the four most common ovarian epithelial carcinomas.
In conclusion, higher fascin-1 immunostaining scores are associated with poorer tumor differentiation, more-advanced TNM stages and shorter survival time in mucinous cystadenocarcinoma. Similarly, we found a correlation between higher immunostaining scores of cortactin and T stages and histological differentiation in serous cystadenocarcinoma. Accordingly, our results may support the hypothesis that fascin-1 and cortactin are important factors in migration or invasion of some ovarian epithelial carcinomas. Although unknown mechanisms still exist in tumor progression, we demonstrated that fascin-1 is a satisfactory biomarker for predicting clinical outcome in mucinous cystadenocarcinoma. Therefore, the development of pharmacological agents to target the fascin-1 pathway may prolong survival time and slow tumor progression in patients with mucinous cystadenocarcinoma.
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